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ULTRASONIC TRANSMITTING AND RECEIVING APPARATUS 

5 BACKGROUND OF THE INVENTION 
Field of -the inven-bion 

The present; Inven-tloxi rela'tes t:o an ul-birasonlc 
transml-t-tlng and receiving appara'tus t:o be used for ob'balning 
ultoasonic images by 'bransmi'b'blng ultoasonic waves and 
10 receiving ultoasonic echoes . 

Descrip-tion of a Related Arl: 

Fig. 13A shows -the structure of an ultrasonic transducer 
array 100 that ±s generally used in a conventional ultrasonic 

15 transmitting and receiving apparatus . The ultrasonic 

transducer array 100 includes , for example , plural ultrasonic 
transducers 101 arranged one-dimensionally . The ultrasonic 
transducer 101 is an element for transmitting or receiving 
ultrasonic waves , and a piezoelectric element such as 

20 piezoelectric ceramic represented by PZT (Pb (lead) zirconate 
titanate) or a macromolecule piezoelectric element 
represented by PVDF (polyvinylidene difluoride) is used. 
Electrodes are formed on both ends of these ultrasonic 
transducers 101, and these electrodes are connected to drive 

25 signal generating circuits including pulsers etc. , 
respectively, implying a voltage to the ultrasonic 
transducer 101, the piezoelectric element expands and 
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cont:ract:s by piezoelecbrxc effect t.o genera-be ul-trasonlc 
waves. Accordingly, as shown In Fig. 13B, by driving plural 
ultrasonic -transducers 101 at: prede-termlned -time In-tervals, 
spherical waves -transml-t-ted from the respective ultrasonic 
5 transducers 101 are synthesized and an ultrasonic beam having 
a focal point formed In a desired direction and a desired 
depth can be transmitted. 

Now, In ultrasonic imaging, side lobes produced when 
transmitting ultrasonic beams become problematic. When an 

10 ultrasonic beam having directivity Is transmitted. In spatial 
distribution of acoustic pressure Intensity, a local maximum 
acoustic pressure region that occurs In the vicinity of the 
center axis In a transmitting direction is referred to as 
^^maln lobe'', and a local maximum acoustic pressure region 

15 that occurs in a direction other than that is referred to 
as ^^side lobe" . There are various factors of occurrence of 
the side lobes, and, for example, it is produced depending 
on the relationship between the el^nent pitch of the ultrasonic 
transducers and ultrasonic frequency (such side lobe is 

20 referred to as ^^grating lobe") , or produced by the tuiwanted 
vibration of the ultrasonic transducers. Normally, an 
ultrasonic echo received by the ultrasonic transducer is 
subjected to signal processing as an echo that has propagated 
from the direction of the main lobe. On this account, in the 

25 case where the side lobe craiponent is large or there is a 
strong reflector in the side lobe direction, an artifact 
(virtual image) is generated, and the image quality of the 
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ulteasonxc Image ±s degraded. 

Accordingly, In order 1:o suppress such unwanted 
component:, various measures have been t:aken. For example, 
Improvemen'k In tiie delay accuracy of Uie teansmlsslon beauas , 
5 mlnlaturlza'tlon of tiie elemen'b, and enlarging "the aperture 
diameter have been performed so as te acuminate t:he form of 
t:he main lobe. Alterna'blvely , transmission and reception of 
ultrasonic waves are performed while weighting the Intensity 
distribution of elements constituting the array with Gaussian 

10 distribution (Gaussian apodlzatlon) or weighting the waveform 
on the time base. However, there are limits to these 
techniques, and the side lobes have not yet been reduced to 
the sufficient level. Further, In the case where the 
ultrasonic beam Is transmitted In a largely tilted condition, 

15 the level of the side lobe component becomes higher, and 
accordingly. It becomes more difficult to reduce It. 
Therefore, the effect on the image quality becomes a major 
problem . 

U.S. Patent No. 6,179,780 discloses the following 
20 technology for reducing the effect by the side lobes when 
plural ultrasonic beams are transmitted and received 
simultaneously . That Is , amethodof f ormlngplural reception 
beams for one transmission beam, or a method of Identifying 
transmission beams by changing frequencies of plural 
25 transmission beams or coding transmission beams by using 
Barker code, Golay code, etc. to relate them with received 
ultrasonic echoes are cited. Further, since there Is a region 
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called as "null l±ne'' where -bhe acous'txc pressure becomes 
generally zero between a main lobe and a side lobe, a met:hod 
of performing allgnmen-t of -bhe main lobe of anotiher ul-trasonlc 
beam In -the region , ame'bhod of simply separa'tlng Uie Intervals 
5 of ^transmission beams, and a method of shifting the center 
frequencies of t:he transmission beams are also cited. 

SUMMARY OF THE INVENTION 

The present Inven-tlon has been achieved In view of the 

10 above-described problems . An object of -the present Invention 
Is to reduce the side lobe component as an unwant:ed component; 
otiier than the xoaln lobe In an ultrasonic transmitting and 
receiving apparatus for acquiring ultrasonic Images by 
1:ransml1:'tlng and receiving ultrasonic waves . 

15 In order to solve ^he above-described problems, an 

ultrasonic transmitting and receiving apparatus according 
-to one aspect of the present Invention comprises : an ultrasonic 
teansducer array Including plural ultrasonic transducers for 
^transmitting ultrasonic waves and receiving ultrasonic waves 

20 reflected fr<^ an object to be Inspected; drive signal 
generating means for generating drive signals for 
respectively driving the plural ultrasonic transducers; 
transmission control means for controlling the drive signal 
generating means such that ultrasonic waves "to be transmitted 

25 from the plural ulteasonlc transducers form a transmission 
beam to be transml-tted In a't least one direction; recep'tlon 
control means for performing reception focusing processing 
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on plural de'bec'bxon signals ob'bained based on ulteasonlc waves 
received by 1:he plural ult:rason±c 'transducers so as to form 
a reception focal poin-t in a't least one direction thereby 
forming a reception beam; and control meams for changing 
5 directivity of plural ultrasonic coxnponents constituting the 
transmission beam in accordance with a sound ray direction 
in which the transmission beam is transmit:ted and/or changing 
directivity of plural ultrasonic coxnponents cons^tituting the 
reception beam in accordance with a sound ray direction in 

10 which the reception focal point of the receiving beam is formed . 
According to the present invention, since the 
directivity of the ult:rasonic components cons-tituting 
ul'trasonic beams is controlled in accordance with the sound 
ray direction, ultrasonic beams with reduced side lobe 

15 component in any sound ray direction can be transmitted and 
received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs . lAandlB show acoustic pressure intensity prof iles 
20 in the case where ultrasonic beams at small sound ray angles 
are formed by using unit beams having slirong directivity and 
unit beams having weak directivity, respectively; 

Figs . 2A and 2B are diagrams for explanation of the 
principle of forming ultrasonic beams at small sound ray 
25 angles; 

Figs . 3Aand3B show acous'tic pressure intensity profiles 
in the case where ultrasonic beams ai: large sound ray angles 
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are formed by using unxt: beams having steong direct:! v±t:y and 
unl-b beams having weak dlrec'blvl'by , respectively; 

Figs . 4A and 4B are diagrams for explanatilon o£ the 
principle of forming ultrasonic beams at. large sound ray 
5 angles ; 

Fig. 5 Is a block diagram showing the constl'tutlon of 
an ultrasonic transmlt-tlng and receiving apparatus according 
to the flrs't embodiment of the present: Invention ; 

Figs . 6A Is a diagram for explanation of a normal drive 
10 method of element:s, and Fig. 6B Is a diagram for explanation 
of an effective aperture control met:hod of elements; 

Fig. 7 Is a flowchart showing an ultrasonic transmitting 
and receiving met:hod according to the f Irs't embodiment of 
the present Invention; 
15 Fig. 8A shows an acoustic pressure Intensity profile 

of an ultrasonic beam at: small sound ray angles obtained by 
using unit: beams having strong dlrectlvlt:y , and Fig. 8B shows 
an acous-tlc pressure Intensity profile of an ultrasonic beam 
at small sound ray angles obtained by using unit beams having 
20 weak directivity; 

Fig. 9A shows an acoustic pressure In'tensl'ty profile 
of an ultrasonic beam at large sound ray angles obt:alned by 
using unit beams having strong directivity, and Fig. 8B shows 
an acoust:lc pressure Intensity profile of an ultrasonic beam 
25 at large sound ray angles obtained by using unl't beams having 
weak directivity; 

Fig. 10 Is a diagram for explana1:lon of the aperture 
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con'brol meiihod o£ elements; 

Figs. IIA -to lie are diagrams for explana-tlon of an 
iiransmlb-blng met:hod of ult:rasonlc beams In an ul-trasonlc 
'bransml'b'blng and receiving appara1:us according t:o t:he second 
5 embodiment of -bhe present: InvenUon; 

Fig. 12A shows the state In which plural reception focal 
points are formed with respect to one transmitting direction 
of an ultrasonic beam, and Fig. 12B shows the state In which 
plural reception focal points are formed with respect to each 
10 of plural transmitting directions; and 

Fig. 13A Is a diagram showing the structure of a 
conventional ultrasonic transducer array and an ultrasonic 
beam transmitted therefrom, and Fig. 13B shows timing pulses 
to be applied to the respective ultrasonic transducers. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present Invention will 
be described In detail by referring to the drawings . The same 
component elements are assigned with the same reference 

20 numerals and the descriptions thereof will be omitted. Xn 
the present application, from among coznponents of transmitted 
or received ultrasonic be2uns, the component other than the 
component (main lobe) , that Is transmitted or received In 
an Intended direction. Is referred to ^^slde lobe component", 

25 which Includes an acoustic floor, side lobe, grating lobe, 
etc. . Further, the propagation direction of a transxalsslon 
beam, which Is formed by ultrasonic waves transmitted In 
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adjustied phases from plural ul1:rason±c teansducers and 
propagates In a desired direction, is referred t,o as a sound 
ray direction". Also, the propagation direction of a 
reception beam, which is obt:ained by syn-thesizing the phase 
5 matehed deteclsion sigfnal of ult;rasonic echoes received in 
plural uli:rasonic 1:ransducers and propagaties from a desired 
direction, is referred to as a ^^sound ray direction". 

Figs . lA to 4B are diagrams for explana^tion of the 
principle of 'transmi't'ting and receiving ult:rasonic beams in 

10 an ultrasonic toansmi tiling and receiving apparalius according 
to -the first embodiment of the present invention. In this 
embodimen-t, control of directivity is performed with respect 
-to each of the plural ultrasonic waves tha't form 'transmission 
beams and reception beams. Generally, the ^^direct^ivity" 

15 means sensi tivi ty dis-tribu^tion when transmitting or receiving 
ult:rasonic waves, and the condition with higher sensi1:ivi'ty 
-to an arbitrary direction is represented as ^^directivi'ty is 
s-trong" and tiie condi'tion with sensi-tivity in broader 
directions is represented as ^^directiivi'ty is weak" . 

20 First, -the relat^ionship bet:ween the directivit:y of 

plural ul-trasonic waves thai: form ultirasonic beams 
iiransmi-tted or received in a predetermined direction and the 
side lobe will be described by referring to Figs . lA te 4B . 
Figs. lA, IB, 3A, and 3B show acoustiic pressure intensity 

25 dis'tribu'tion (hereinafter, also referred to as ^^acoust:ic 
pressure intensit.y profile") formed on an arbiteary focal 
plane within space by transmitting and receiving ul'trasonic 
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waves . These profiles are ob-balnedby -the slmulai:lon ±n which 
cons^l'tuen'b factors of a two -d i men s lonal ul-brasonxc 
-transducer array. I.e., a number of the plural ul-trasonlc 
transducers, arrangemenl: , pitch, aper-ture condition 
5 Including an aperture diameter ete . and the waveform parameter 
are fixed and set te form a focal point In an arbitrary depth. 
In Figs. lA, IB, 3A, and 3B, G and <|) represent angles of sound 
rays, the angle G Is an angle relative te a first surface 
orthogonal te the transxalsslon and reception surface of the 

10 ultrasonic transducer array, and the angle ^ Is an angle 
relative to a second surface orthogonal to the transmission 
and reception surface and the first surface. 

Figs . lA and IB show acoustic pressure Intensity profiles 
In the case where ultrasonic beams are formed by using the 

15 two-dimensional array toward the central axis direction of 
the array, that Is, toward the direction at small sound ray 
€uigles. Fig. lA shows the case of using plural ultrasonic 
transducers generating ultrasonic waves having weak 
directivity (element having weak directivity) , and Fig. IB 

20 shows the case of using plural ultrasonic transducers 
generating ultrasonic waves having strong directivity 
(element having strong directivity) . As shown In Figs . lA 
and IB, In the case where ultrasonic beams are formed In the 
direction at the small sound ray angle, the acoustic pressure 

25 Intensity prof lie In which the side lobe conqponent Is entirely 
suppressed lower can be obtained by using the element having 
strong directivity (Fig. IB) . 
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The reason why 1:he difference thus appears between the 
acoustic pressure Intensity profiles depending on the 
directivity of the ultrasonic transducers Is as follows . 
Figs . 2A and 2B are diagrams for es^lauiatlon of the 
5 principle of forming ultrasonic beams by using plural elements . 
An arc ARCl and an arc ARC2 schematically show the drive timing 
with which plural elements la, lb, . . . , and plural elements 
2a, 2b, . . . are driven, respectively. As shown In Figs. 2A 
and 2B, In the case where ultrasonic beams USl and US2 are 

10 formed In the directions at small sound ray angles, plural 
elements la, lb, . . . , and plural elements 2a, 2b, . . . are 
driven sequentially f romboth ends toward the center . Thereby , 
plural ultrasonic waves are generated, and their wavefront 
are synthesized to form ultrasonic beams . 

15 In Figs . 2A and 2B , broken lines are shown so that acoustic 

pressure Intensity of the ultrasonic waves generated from 
each element Is represented by the length of the chord drawn 
f rc^ the contact point of the respective broken line and the 
arc ARCl or ARC2 . 

20 As shown In Fig. 2A, the ultrasonic waves la' , lb' , ... 

generatedfrom the elements la, lb, ... having weak directivity 
can be roughly regarded as spherical waves . In the ultrasonic 
waves la' , lb' , . . . , ultrasonic components are Isotroplcally 
diffused from the respective ultrasonic waves . On this 

25 account, the components USla, USlb, . . . having the nearly 
uniform magnitudes from all of the elements contribute to 
formation of the ultrasonic beam USl regardless of the 
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arrangement: o£ tiie elemen'ts la, lb, .... Here, vectors USla, 
USlb, . . . represen^b coznponen'ts 'tha'b con'brlbu'te the 
ultrasonic beam USl from among t:he genera'ted ultrasonic beams 
la' , lb' , .... However, the components Irrelevan't -to the 
5 con'trlbu'tlon -to the ul'trasonlc beeua USl, tha-t Is, unwanted 
componen1:s are also diffused Isoteoplcally . 

On -the other hand, as shown In Fig. 2B, the ultrasonic 
waves 2a' , 2b' , ... generated from the elements 2a, 2b, . . . 
having strong dlreci:lvlty Include a large amoun-t of componen'ts 

10 In a direction perpendicular the ul'trasonlc ^transducer 
array surface. Here, the components that contribute -to "the 
forma'tlon of the ultrasonic beam US2 are US2a, US2b, .... 
On this account. In ul'trasonlc waves 2c' , 2d' genera-ted from 
tiie elemen'ts 2c, 2d disposed near -the cen-ter of the ul'trasonlc 

15 -transducer array, as shown by -the componen-ts US2c and US2d, 
most componen'ts -thereof con-tribute to -the foinooatlon of -the 
ul-trasonlc beam US2 . Fur-ther , as -the posl-tlon of "the elemen't 
Is far-ther from the vicinity of -the cen'ter, as shown by -the 
components US2a and US2e, -the magnitude of components that 

20 contribute to -the formation of -the ul-trasonlc beam US2 becomes 
smaller gradually. However, In -the case where -the sound ray 
angles of tiie ul-trasonlc beam US2 are small, since angles 
formed by -the components US2a and US2f -tha-t con-trlbu-te to 
-the formation of -the ul-trasonlc beam US2 and -transml-t-tlng 

25 dlrec-blons (perpendicular line directions of the respec-tlve 
elemen-ts) of -the ultrasonic waves 2a' and 2f ' become net so 
much larger In bcth ends of -the ul-trasonlc transducer array 
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(for example, elemexi'ts 2a and 2f) , -the magni'bude of "the 
coxnponent:s US2a and US2e are never reduced largely. On the 
other hand, ±n the case where the elements 2a, 2b, . . . having 
strong directivity are used, the cozDponents Irrelevant to 
5 the contribution to the ultrasonic beam US2 of the components 
Includedln the ultrasonic waves 2a' , 2b' . . . , that Is, unwanted 
components become small . 

Figs . 3Aand 3B show acoustic pressure Intensity prof lies 
In the case where ultrasonic beams at large sound ray angles 

10 are transmitted. Fig. 3A shows the case of using plural 
elements having weak directivity, and Fig. SB shows the case 
of using plural elements having strong directivity. As 
clearly seen from Figs . 3A and 3B , In the case where ultrasonic 
beams are formed In the direction at large sound ray angles , 

15 the acoustic pressure Intensity profile In which the acoustic 
pressure of the main lobe Is larger can be obtained by using 
the element having weak directivity (Fig. 3A) . 

Figs . 4A and 4B are diagrams for explanation of the 
principle of forming ultrasonic beauas by using plural elements . 

20 An arc ARC3 and an arc ARC4 schematically show the drive timing 
with which plural elements 3a, 3b, . . . , and plural elements 
4a, 4b, ... are driven, respectively. As shown In Figs. 4A 
and 4B, for example, In the case where ultrasonic beams US3 
and US 4 deflected toward the right direction of the drawings 

25 are formed, plural elements 3a, 3b, . . . , and plural elements 
4a, 4b, ... are driven sequentially from the left end toward 
the right end. 



As shown ±n F±g. 4A, ±n the case where spherical waves 
3a' , 3b' , ... are generated from the elements 3a, 3b, ... 
having weak directivity as described above, the components 
having nearly uniform Intensity from all of the el^aents 
5 contribute to the formation of the ultrasonic beam US3 

regardless of the arrangement of the elements 3a, 3b, .... 

On the other hand, as shown In Fig. 4B, ultrasonic waves 
4a' , 4b' , ... generated from the elements 4a, 4b, . . . having 
strong directivity Includes only little amount of the 

10 components other than cranponents In the direction 

perpendicular to the ultrasonic transducer array surface. 
On this account, when the sound ray angle of the ultrasonic 
beam Is made larger, only little component becomes able to 
contribute to the formation of the ultrasonic beam US4 . 

15 Accordingly, unwanted components that do not contribute to 
the formation of the ultrasonic beam US4 become relatively 
Increased . 

As described above, the relationship between the sound 
ray direction of the ultrasonic beam and the directivity of 

20 the plural ultrasonic wave components constituting the 

ultrasonic beam Is closely associated with the formation of 
side lobes . Accordingly, In this embodiment, the directivity 
of the ultrasonic waves Is controlled according to the sound 
ray direction of the ultrasonic beam. Because both are 

25 required to be adjusted In order to obtain the effect of 
reducing side lobes although the directivity can be determined 
arbitrarily to the sound ray direction. 



Fxg. 5 ±s a block diagram showing a cons'bl'bu'blon of an 
ult:rasonlc 'bransml'b'tlng and receiving appara'tias according 
-to -the first: embodiment: o£ t:he presen't Inventilon. 

An ultoasonlc ^transducer array 10 Includes plural 
5 ultrasonic transducers (also referred to ^^elements") arranged 
In a t:wo-dlmenslonal matrix form, for example, and, by 
controlling these ultrasonic transducers electronically, an 
object to be lnspect:ed Is scanned electronically . The plural 
ult:rasonlc transducers tramsmlt ultoasonlc beams based on 

10 drive signals applied thereto, and receive ulteasonlc waves 
reflected from the object to output detection signals . These 
ultrasonic t:ransducers are constituted by a vibrator In which 
electrodes are formed on both ends of a material having a 
piezoelectric property (piezoelectric element) tha^t Includes 

15 piezoelectric ceramic represent:ed by PZT (Pb (lead) zlrconate 
-tltaoiate) or a macromolecule piezoelectric element 
representedby PVDF (polyvlnylldenedlf luorlde) , for example. 
Applying a voltage to the elec1:rodes of such vibrator by 
transmitting a pulsed electrical signal or continuous wave 

20 electrical signal, the piezoelectric element: expands and 
contracts. By the eaqpanslon and cont:ract:lon , pulsed or 
continuous ul^trasonlc waves are generated from the respective 
vibrators, and these ultrasonic waves are synthesized to form 
ultrasonic beams. Further, t:he respective vibrators expand 

25 and contract by receiving propagating ult:rasonlc waves and 
generate electrical signals. These electrical signals are 
outputted as detection signals of ultrasonic waves . 
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Alterna'txvely, as "the ul^trasonlc -bransducers , plural 
kinds of 616016X11:8 of dlff 6ren'b ulteasonlc conv6rs±on m6Uiods 
may be used. For example, -bhe above-descrxbed vibratzor ±s 
used as an elemen'k for 'bransmx^'bxng ult;rason±c waves, and 
5 a pho-to -detection type ult^rasonic iiransducer is used as an 
element: for receiving ult;rasonic waves . The phote-detecbion 
type ultrasonic t:ransducer is for detecting an ultrasonic 
signal by conver-ting i't inte an optical signal , and , for example , 
cons'ti'tutedby a Fabry-Perct resonater or fiber Bragg gra'ting . 

10 The ultrasonic 'transmi^'ting and receiving appara1:us 

according to this embodiment: includes a scanning control unit 
11, a -transmission delay pa-ttern sterage unit: 12, a 
^transmission cont:rol unit: 13, a drive signal genera'ting unit 
14, and a transmission and recept:ion switehing unit 15. 

15 The scanning control unit 11 sequentially sets sound 

ray directions of t:ransmit:ted and received ultrasonic beams . 
Further, tiie scanning con-trol unit 11 cpntools respect:ive 
unit:s of t:he ul-trasonic -transmitting and receiving apparat:us 
so that ultrasonic beams constituted by ultrasonic components 

20 having predetermined directivity may be transmitted and 
received in a preset: dir6ct:ion. 

The t:ransmission delay pattern sterage unit: 12 has stered 
plural transmission delay patterns in which delay -times to 
be provided te the plural elements are set:, and plural patterns 

25 (direct:ivit:y control pa-ttems) for cont:rolling direc-tivity 
of -the plural ul-trasonic components cons t:i touting t:ransmission 
beams . The transmission delay patterns and directivity 
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cont;rol pat:t:erns are used when ain ul'brasonlc beam ±s 
'bransmi't'bed in tiie sound ray direcblon sei: by "bhe scanning 
coniirol unit: 11. When t:ransxait:i:ing an ul1:rasonic beam, a 
predetermined direcbivi-ty con'trol pai:i:ern is selected by t:he 
5 scanning conteol unit: 11 . By the way , the directivity control 
pattern will be described later in detail. 

The transmission control unit 13 selects a predetermined 
transmission delay pattern from plural transmission delay 
patterns stored in the transmission delay pattern storage 

10 unit 12 based on the sound ray direction set by the scanning 
control unit 11. Further, the transmission control unit 13 
sets the delay times to be provided to the plural elements 
included in the ultrasonic transducer array 10 , respectively, 
based on the selected transmission delay pattern and 

15 directivity control pattern. 

The drive signal generating unit 14 is constituted by, 
for exaxnple, plural pulsers corresponding to the plural 
elements , respectively . Each of the plural pulsers generates 
a drive signal based on the delay time set by the transmission 

20 control unit 13 . Thereby, the transmission beam propagating 
toward the set direction is formed. 

The transmission and reception switching unit 15 
switches the generation of drive signals in the drive signal 
generating unit 14 and capture of the detection signals in 

25 a signal processing unit 21 with predetermined timing 

according to the control of the scanning control unit 11 . 
By restricting the time periods for reading detection signals 
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as described above, ul'brasonic echo signals reflected from 
a par'ticular deptJi of -the object can be detected. 

Fur-bher, t:he ul'brasonic 'transxnl'b'blng and receiving 
apparates according te "this ezobodlmeni: Includes -the signal 
5 processing unl'b 21, a primary sterage unit: 22, a recep'blon 
delay patitern sterage unl'b 23, a recept:lon conteol unit: 24, 
a secondary sborage unit: 25, an Image processing unl'b 26, 
and a display unl'b 27. 

The signal processing unl'b 21 Includes plural channels 

10 respectively corresponding te bhe plural elemen'bs . Each of 
the plural channels of bhe signal processing unl'b 21 capt:ures 
the detection signal ou'^utted from the corresponding element 
with predetermined timing, and performs signal processing 
such as logarithmic amplification, demodulation, STC 

15 (sensitivity time control) , filtering processing, A/D 

conversion . The primary storage unit 22 Includes plural lines 
respectively corresponding to the plural channels of "bhe 
signal processing unit 21 and stores detection signals 
s'ubjected to slcfnal processing In the signal processing unit 

20 21 wlt:h respect to each line In chronological order. 

The reception delay pattern storage unit 23 has stored 
plural reception delay patterns In which delay times to be 
provided to -bhe detection signals outputted from -bhe plural 
elements are set, and the patterns for controlling -the 

25 directivity of -bhe plural ul'brasonic components constituting 
reception beams. The reception delay patterns and 
directivity control patterns are used when reception focusing 
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processing Is performed so tihat: "the received ul-trasonlc 
reflected signals (echo signals) may form recep'blon focal 
points In -the predetezmlned sound ray direction and depth. 
When -the uliirasonlc echoes are received, a predetermined 
5 directivity con'trol pa't'tern Is selected by the scanning 
con-trol unit: 11. By -the way, the predetermined dlrectlvlt.y 
control pattern will be described later In detell . 

The recep'tlon con-trol unl't 24 select^s a predetermined 
paiitern from the plural recep'tlon delay pa-tterns stered In 

10 t:he recep'tlon delay pa-ttern sterage unl-t 23 based on -the sound 
ray direction se-t In the scanning contirol unit 11. Furt:her, 
-the recep'tlon con'trol unlb 24 performs recep'tlon focusing 
processing by providing delays te 'the plural detection signals 
respectively ou'^u'tted from 'the plural elements based on 'the 

15 selected recep'tlon delay pattern and directivity control 
pa-ttern and adding -them . Thereby , sound ray date represen'tlng 
-the recep'tlon beam wl'th "the focal poln-t narrowed down In tiie 
se't sound ray direction and dep'th Is formed. The secondary 
sterage unit 25 stores 'the sound ray date formed In the 

20 recep'tlon con'trol unl-t 24. 

The Image processing unl't 26 cons-tructs -two- dimensional 
or three-dimensional Image date based on -the sound ray date 
stered In 'the secondary storage unl't 25, and performs image 
processing such as gain adjus'tmen^, con'tras't ad^us'tmen't, 

25 grada-tlon processing, response enhancemen't processing, 

Interpola-tlon processing on -the Image date . The display unl't 
27 displays ul'trasonlc Images by scanning convert:lng -the Image 



da'ba image processed In -the image processing unl-b 26. The 
display unit: 27 Includes a display device such as a CRT or 
an LCD, for example. 

Next:, dlrecblvl-ty cont:rol pat-berns s-tored In t:he 
5 -transmission delay pa-t-tern s-torage unll: 12 and -the recep-tlon 
delay pa-t-tern s-torage unl-t 23 will be described . Hereinafter , 
each of -the plural ul-trasonlc components constl-tu-tlng an 
ul-trasonlc beeun Is referred -to as ^^unl-t beam" . 

Figs. 6A and 6B are diagrams for explana-tlon of 

10 dlrec-tlvl-ty con-trol pa-t-terns . In Figs . 6A and 6B , -the section 
of -the ul-trasonlc -transducer array 10 and -the timing for 
respec-tlvely driving -the plural elemen-ts Included -therein 
are shown . Here , -the delay pa-t-tern DT represen-ts delay -times 
-to be provided -to unl-t beams , respec-tlvely , when an ul-trasonlc 

15 beam Is formed -toward the direction shown by an arrow In -the 
drawing . 

In -the case where the unl-t beam having weakes-t dlrec-tlvl-ty 
Is genera-ted, -the unl-t beam may be genera-ted from one elemen-t . 
Accordingly, In this case, as shown In Fig. 6A, the plural 

20 elemen-ts 10a, 10b, . . . Included In -the ul-trasonlc -transducer 
array 10 are sequen-tlally driven based on -the delay pa-t-tern 
DT . Thereby , spherical waves are genera-ted from -the elemen-ts 
10a, 10b, . . . , respect^lvely . Hereinafter, -the me-thod of 
genera-ting unl-t beams by -thus driving elemen-ts one by one 

25 Is referred -to as ^^normal drive me-thod" . No-te -tha-t -the normal 
drive me-thod Is a method used In a general ul-trasonlc -transducer 
array using an electrical sec-tor scanning method. 
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In addl'blon , xn tilie case where Idie unx't beam having steong 
direct! v± -by ±s generated, subs'ban'tlal aperture of -the 
elements may be enlarged by driving the plural element:s 
simultaneously. Accordingly, In this case, as shown In Fig. 
5 6B, the slmuli:aneously driven plural elemen-ts 10a, 10b, . . . 
are grouped In advance, and tiie respective groups are 
sequentially driven based on the delay patterns DT . In Fig . 
6B, the elements are grouped so that three elements (10a, 
10b, 10c) , (10b, 10c, lOd) , . . . maybe Included In each group. 

10 In order te stoengthen directivity, the number of elemen-ts 
Included In one group may be Increased to enlarge the 
subs-tantlal apertere diameter of the elements that: contribute 
te the formation of the unl't beams . Slmult:aneously , by using 
the elements 10a, 10b, . . . In adjacent groups redundan^tly , 

15 the plteh of the unit beams can be made equal to that In the 
normal drive method. Hereinafter, the method for thus 
conteolllng dlrectlvl-ty of tiie unl-t beams by changing the 
substen-tlal apertere of -the elements wlthou-t changing tee 
pitch of the unl-t beams Is referred to as ^^ef f ectlve aperture 

20 cont.rol me^thod" . 

The ^^dlrec-tlvlt;y conteol pattern^' means a pai:tern for 
teus grouping plural elemente . This directivity conteol 
pattern Is brought: Into correspondence wlte a sound ray 
direction so tea-t tee aperture of tee unit beam may become 

25 broader when tee sound ray angle Is small, and tee apertere 
of tee unl-t beam may become narrower when tee sound ray angle 
Is large . The correspondence beteeen tee sound ray direction 
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and the dlrecblvxty coxi'trol pa't'bern may be defined so tiiat 
-the directivity control pattern may change In stages In 
response to the sound ray angle , or may change continuously . 
Next, the operation of the ultrasonic transmitting and 
5 receiving apparatus according to this embodiment will be 
described. Fig. 7 Is a flowchart showing the operation of 
the ultrasonic transmitting and receiving apparatus according 
to this embodiment. 

First, at step SI, the scanning control unit 11 sets 

10 sound ray angles of transmitted and received ultrasonic beams . 
Accordingly, the transmission control unit 13 sets delay tdLmes 
In the drive signal generating unit 14 based on the 
predetermined directivity control patterns and the 
transmission delay pattern. 

15 At step S2 , when the drive signal generating unit 14 

generates drive signals. Thereby, plural unit beams having 
predetermined directivity are sequentially transmitted, and 
wavef ront of those unit beams are synthesized to transmit 
the ultrasonic beam with respect to the sound ray direction 

20 set at step Si Is transmitted. 

At step S3, the transmission and reception switching 
unit 15 Is switched, and the ultrasonic transducer array 10 
receives ultrasonic echoes . Each of the plural elements 
Included In the ultrasonic transducer array 10 generates an 

25 electrical signal (detection signal) based on the received 
ultrasonic echo. 

At step 34 , the signal processing unit 21 performs signal 



processing such as logarxtihiolc axnpllf xca'bion, STC, filtering 
processing, A/D conversion on tiie detecblon signal outpu'b'bed 
from each of t:he plural elemen-ts . At: sl^ep S5 , -the signal 
processed de-tec^lon signals (dlgltel date) are se(jueni:lally 
5 stered In the prdLmary sterage unit 22 . 

At step S6, the reception control unit 24 performs 
reception focusing processing on the detection signals stored 
In the primary storage unit 22 based on the directivity control 
pattern and the transmission delay pattern corresponding to 
10 the sound ray direction set at step Si. Thereby, sound ray 
data representing the reception beam with respect to the sound 
ray direction set at step Si Is formed. The sound ray data 
formed at step S6 Is stored In the secondary storage unit 
25 (step S7) . 

15 At step S8, the Image processing unit 26 constructs 

two-dimensional or three-dimensional Image date based on the 
sound ray date stored In the secondary storage unit 25, and 
performs Image processing such as gain adjustment and tone 
processing. Then, at step S9, the display unit 27 displays 

20 ultrasonic Images on a display by scanning converting the 
Image processed Image date. 

Figs . 8A to 9B show acoustic pressure Intensity profiles 
obtained by applying the ultrasonic transmitting and 
receiving apparatus according to this embodiment. These 

25 acoustic pressure Intensity profiles are obtelned by 

simulating acoustic pressure Intensity distribution of 
transmission and reception under the condition that sine waves 
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consisted of five wave 1:ra±n wl'bh center frequency of 2.5 
MHz are "bransmliited from t:he uliirasonlc 'transducer array In 
which plural elements of 0 . 35 mm square arranged at: a 0 . 45 
mm pitch . 

5 Fig. 8A shows an acous'tic pressure intensity profile 

In the case where the directivity of the unl-t beams Is made 
strong by se-tting the effective aperture di ameter of the 
elements to 1 . 4 mm so as to form an ult:rasonlc beam with sound 
ray angles 9 = 4^ = 0°. Fig. 8B shows an acous'tic pressure 

10 Intensl'ty profile In i:he case where the dlrectlvltiy of the 
unit beams Is made weak by set:tlng the effectilve aperture 
diameter of the elemen-ts to 0 . 35 mm for comparison . As clearly 
seen from Figs. 8A and 8B, when the sound ray angle Is small, 
side lobe component: Is en'tlrely reduced by strengthening -the 

15 directivity of the unit beams . 

Fig. 9A shows an acoust:lc pressure Intensl'ty profile 
In the case where tJie dlrect:lvl'ty of 'the unl't beams Is made 
st:rong by set:t:lng -the effective aper'ture diameter of 'the 
elements to 1 . 4 mm so as to form an ultrasonic beam wltJi sound 

20 ray angles 0 = 4^ = 32.5''. Fig. 9B shows an acous'tic pressure 
Intensl'ty profile In t:he case where the dlrect:lvlt:y of the 
unit: beams Is made weak by se'tt:lng 'the effective aper'ture 
di ameter of the elements to 0.35 mm. As clearly seen by 
comparison between Figs. 9A and 9B, when -the sound ray angle 

25 Is large, 'the Intensl^ of 'the main lobe Is malntelned by 
weakening 'the directivity of 'the unit: beams . Fur'ther , In Fig . 
9B, there Is no region where the side lobe component Is large 
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as ±n tiie vlclnl'by of "the center of F±g. 9A. 

As described above, according t,o -this embodlmeni: , since 
^he dlrectlvltiy of "the unl-b besuns Is con'brolled In response 
t^o -the sound ray direction, tiie side lobe componen'b can be 
5 reduced over the entire of the scanning region. Further, 
according to this embodiment. In the effective aperture 
control method, since plural elements are used for forming 
one unit beam, there Is an advantage that the sensitivity 
of the transmission beams and reception beams Is Improved. 

10 In this embodiment, the directivity of the unit beams 

Is controlled both when transmitting the ultrasonic beams 
and when performing reception focusing processing with 
respect to received ultrasonic echoes. However, by 
controlling the directivity of the unit beams In either 

15 transmission or reception, the side lobe component can be 
reduced . 

In addition, when transmitting and receiving ultrasonic 
beams, different directivity control patterns may be used, 
respectively. At the time of transmission and reception, by 

20 changing the substantial aperture diameter of the elements 
for forming unit beams , different acoustic pressure Intensity 
profiles of the reception beams are obtained with respect 
to the acoustic pressure Intensity profiles of the 
transmission beams . Accordingly, for example, by selecting 

25 directivity control patterns so as to obtain acoustic pressure 
Intensity profiles In which side lobe components cancel each 
other out In transmission and reception, the side lobe 
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coniponen'bs can be entixrely reduced. 

Furtiier , -transmission and recep-tion of ul-trasonlc waves 
may be performed by driving plural elements that cont:rlbute 
-to one unl-t beam while welgh-tlng . Here , the welgh-tlng refers 
5 -to welgh-tlng of In-tensl-ty of waveforms for driving elemen-ts . 
Thereby, the dlrectlvltiy of unit beams can be made fur-ther 
stronger, and thus, the side lobe componen-ts can be further 
reduced. In -the case of weighting, for exan^le, welgh-tlng 
pa-t-terns have been s-tored In -the transmission delay pa-t-tem 

10 s-torage unl-t 12 or -the recep-tlon delay pa-ttern s-torage unl-t 
23, when the scanning control unit 11 selects a directivity 
control pa-t-tern, a welgh-tlng pa-ttern Is selec-ted -toge-ther 
and -the mul-tlpllcatlon -thereof may be used. Al-terna-tlvely , 
welgh-tlng may be performed on -the en-tlre of plural elemen-ts 

15 Included In -the ultrasonic -transducer array 10 . Further, the 
weighting on en-tlre of -the plural elemen-ts and -the welgh-tlng 
on plural elemen-ts -tha-t form unit beams may be combined. As 
a welgh-tlng pa-t-tern, Gaussian dls-trlbu-tlon e-tc. are used. 
Al-ternatlvely , -the directivity control pattern may be 

2 0 created so -tha-t delay times maybe genera-tedbe tween the grouped 
plural elemen-ts . Thereby, -the dlrectlvl-ty of unl-t beauns can 
be made fur-ther s-tronger. 

In -this embodlmen-t, when controlling -the dlrectlvl-ty 
of unl-t beams , -the effective aper-ture control me-thod as shown 

25 In Fig. 6B Is used. However, In -this me-thod, -there Is a 
posslblll-ty -tha-t drive load on each elemen-t becomes larger 
because one element: Is driven In plural times wl-thln a short 
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•time. In such case, the aperture control method as shown ±n 
F±g. 10 may be used. The aper'bure control metiiod ±s a method 
of controlling the directivity of unit beams by changing 
aperture diameter of elements, and. In the method, elements 
5 are never used redundancy be'bween the unit beams formed 
adjacen-tly. Thai: Is, as shown In Fig. 10, each element Is 
Included In only one group. Thereby, the drive load on the 
elemen'bs can be reduced, and the drive control system circuit: 
can be simplified. According to the aperture control me1:hod, 

10 Intervals between unit: beams become larger compared 1:o the 
case of the effective aperture control me t:hod . On this account , 
there Is aposslbllltiy that; grat:lng lobes occur . Accordingly , 
It: Is desired 'tha't -the Intervals of unit beams. I.e., Uie 
nxunber of elements to be grouped are set while considering 

15 the relationship with ultrasonic frequencies . 

In this embodiment:, the ultrasonic transducer array In 
which plural element:s are arranged In a two-dimensional matelx 
form Is used, however, the arrangement of element:s Is net 
limited to t:hat, and an ul'trasonlc t:ransducer array In which 

20 plural elements are arranged In other forms may be used. In 
addl-tlon, an ult:rasonlc -transducer array In which plural 
elements are arranged one-dlmenslonally may be used. 

Next , an ultrasonic transmitting and receiving apparatus 
according to the second embodiment: of t:he present lnvent:lon 

25 will be descrdLbed by referring -to Figs. IIA to IIC. This 
embodlmen-t Is to contool the directivity of unit: beams In 
the multi-beam transmission aoid reception for forming plural 
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ul-krasonlc beams sixnul'baneously in differen-b plural 
directions . The cons'bltu'bion of the apparatus Is the same 
as that shown In Fig . 5 . 

Fig. IIA shows plural sound ray directions formed with 
5 the array center of the ultrasonic transducer array as 6 = 
<|> = 0°. As shown In Fig. IIA, the case where 16 ultrasonic 
beams TXl to TX16 are transmitted simultaneously toward a 
scanning region 5, and reception focusing processing Is 
performed with respect to one direction will be discussed. 

10 In this case, four ultrasonic beams TX6, TX7, TXIO, and TX 
11 transmitted to the vicinity of the center where sound ray 
angles are small are formed by unit beams having strong 
directivity, and the ultrasonic beams transmitted In other 
directions are formed by unit beams having weak directivity. 

15 Fig. IIB shows an acoustic pressure Intensity profile 

obtained by performing simulation under such settings . 
Further, Fig. IIC shows an acoustic pressure Intensity prof lie 
In the case where all of the ultrasonic beams are formed by 
unit beams having weak directivity for comparison . As clearly 

20 seen from Figs. IIB and IIC, the side lobe components are 
further reduced entirely In the case where unit beams having 
different directivity are combined In response to the sound 
ray directions . Especially, In the direction at large sound 
ray angles, the difference Is remarkable. 

25 Generally, In the case of performing multi-beam 

transmission and reception, there Is a tendency that side 
lobe components become higher as compared to the case where 
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ul'brasonxc beams are formed In single sound ray dlrect:lon. 
However, according -bo "bhls embodiment:, since t:he directivity 
of unit beams that form respective ultrasonic beams Is 
controlled In response "to the sound ray direction , the entire 
5 Imaging region can be scanned at high speed while reducing 
side lobe components over broader range. 

In this embodiment, the case where plural ul-trasonlc 
beams are liransmltted In plural directions, respectively, 
and reception focusing Is performed so as -to form one reception 

10 focal point: with respect to received ultrasonic echoes has 
been described. However, reception focusing processing may 
be performed so as to form recep'tlon focal points In plural 
directions with respect t,o received ul-trasonlc echoes . For 
example, reception focusing processing may be performed so 

15 as to form plural reception focal points In directions 

corresponding to plural transmission beams, respectively. 
In this case. It Is desired also when reception focusing 
processing Is performed t:hat the directivity of unit: beams 
Is controlled In response to the sound ray directions In which 

20 reception focal points are formed. 

Further, as shown In Fig. 12A, recep'tlon focusing 
processing may be performed by transmitting an ultrasonic 
beam TX In single direction so as to form reception focal 
poln-ts Fl -to F3 In plural directions . At that time , It Is 

25 desired that the directivity of unit beams that form the 
transxnlsslon beam Is controlled In response to the sound ray 
directions In which reception focal points are formed. 

28 



FurUier, when perfoxzoxng recepi:±on focusing processing, 
dxrecbxvlt^ of unl-b beams may be cont:rolled . In 1:hls case, 
since -the ul'brasonic beam is -bransmi-t-ted in single direction, 
tiie side lobe component: can be suppressed compared -to Uie 
5 case of mul^i-beam transmission. Moreover, since plural 
recep-bion focal pointis are formed wit:h respect to the received 
ultrasonic echoes , the imaging region can be scanned at high 
speed . 

Furthermore, as shown in Fig. 12B, plural ultrasonic 
10 beams TXA and TXB may be transmitted in plural directions, 
respectively, and reception focusing processing may be 
performed on these transmission beams and TXB so as to 

form reception focal points FAl to FA3 and FBI to FB3 in plural 
directions. In this case, in order to suppress side lobe 
15 components, it is desired that intervals of the plural 

ultrasonic beams TXA and TXB are separated from each other. 
At that time, the directivity of unit beams that form the 
transmission beam is controlled in response to the sound ray 
directions , respectively. The directivity of unit beams may 
20 be controlled also when performing reception focusing 
processing . 

As described above, according to the present invention, 
the directivity of plural unit beams that form ultrasonic 
beams is controlled in response to sound ray directions. 
25 Thereby, side lobe components are reduced over the entire 
scanning region, and detection signals with high S/N ratios 
can be obtained. Therefore , based on such detection signals , 



ul'brasonlc images with high image qaali'^ can be acquired. 
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